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Abstract 
This paper presents an approach to automatically generate personalized plans for Speech and Language Therapy on children, 
based on five speech and language areas: linguistic formulation, oral structure and function, receptive language, expressive lan-
guage and hearing. The approach relies on an implementation of the Partition Around Medoids (PAM) algorithm, which takes 
into account the profile of each child, and generates multi-level (hierarchical) clusters based on several distance measures. The 
new plans are created as per a K-Nearest Neighbors (KNN) criterion, combining elements from the five areas. This approach has 
been used in the assessment of 53 children with different disabilities, with promising results verified by expert therapists. 
 
© 2014 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committees of CENTERIS/ProjMAN/HCIST 2014 
Keywords:Speech and Language Therapy; therapy plans generation; children assessment. 
 
 
* Corresponding author. Tel.: +593-7-2862-213; fax: +593-7-286-9112. 
E-mail address: vrobles@ups.edu.ec 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of CENTERIS 2014.
1266   Vladimir Robles-Bykbaev et al. /  Procedia Technology  16 ( 2014 )  1265 – 1270 
1. Introduction 
Speech and Language Therapy (SLT) is a broad area, focused on the management and treatment of disorders re-
lated with language, hearing, speech production and communication. Accordingly, there exist several proposals 
aimed to improve SLT from different disciplines, addressing specific problems in diagnosis, counseling/support for 
therapists or the design of therapy plans. In response to that, we are developing computer support to cover the three 
fundamental elements of the SLT process: 
 
x A complete evaluation process that takes into account five relevant SLT areas, namely linguistic formula-
tion, oral structure and function, receptive language, expressive language and hearing. 
x A counseling process to support and continuously improve the diagnosis, assessment and intervention. 
x The generation of personalised therapy plans focused in the profile of each subject, bearing in mind his/her 
particular skills and impairments. 
 
This paper deals with the latter point, where the greatest point of concern relates to the fact that there may be 
hundreds or thousands of activities to put into the specific therapy plan for a given subject, but the therapists hardly 
ever manage to keep them all in mind. Therefore, they end up using only a subset of activities, implying that the 
therapy plans they make are often sub-optimal. The aim of this research is to develop an expert system to aid the 
therapists in the composition of therapy plans, starting from a profile that characterises the disorders suffered by 
each specific subject. This task is achieved using two methods:  
x  A custom version of the Partition Around Medoids (PAM) clustering algorithm: Clustering is the process 
of grouping a set of objects into clusters, where the objects within cluster are similar but are dissimilar to 
objects in other clusters. In this context, in the K-Medoids family algorithms PAM is known as one of the 
most powerful [1]. Given the aforementioned, the proposed approach presents a custom version of PAM 
that generates multi-level clusters based on child's profile, medical diagnostic and the speech and language 
evaluation. 
x The K-Nearest Neighbours (KNN) criterion: The KNN is a non-parametric algorithm used in classification 
and regression. The expert system proposed uses the KNN classification [2] to determine the most similar 
child profile inside each of the generated clusters. 
 
The developed proposal has been put to the test in a pilot experiment conducted with the aid and supervision of a 
team of expert therapists who are treating children with a range of different disabilities throughout Ecuador. The 
system provides personalised therapy plans involving tasks and exercises from the five areas mentioned above. 
The next section provides a brief overview of related work in speech and language therapy. Section 3 outlines the 
design and implementation of our proposal. The pilot experiment is described in Section 4. Conclusions and future 
work are finally given in Section 5. 
2. Related work 
In the area of speech and language there exist several types of disorders that are mainly grouped in the ambits of 
speech, language and hearing. These disorders can be related with other pathologies (e.g. cerebral palsy) and have 
distinct levels (slight, moderate or severe). In the area of speech therapy, several authors have focused on dysarthria 
and dyslalia treatment, using fuzzy logic to determine the kind of exercises as well as the frequency and the duration 
of SLT sessions [3]. Others have used the Adaptive Bayes Network, Seeker Model and CART ID3/C4.5 techniques 
to predict the status of patients suffering from several forms of dyslalia [4]. Kohonen neural networks have also been 
used to classify the correct/incorrect pronunciations of some phonemes [5]. As regards language therapy, some au-
thors have worked on aphasia treatment using different techniques, like semantic analysis of features with mobile 
application and web services [6], computer applications for self-management of therapy exercises [7] or gesture 
recognition for people suffering from severe aphasia [8]. Most of the aforementioned proposals are centered on spe-
cific problems, like diagnosis support or speech production. Knowing this, it is very important to develop a new 
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approach capable of dealing with several types of speech and language disorders, even if they are related with other 
pathologies. 
3. Automatic generation of therapy plans by PAM and KNN 
The proposed approach to the automatic generation of therapy plans works in three stages, named “Profile crea-
tion and evaluation”, “Corpus creation and plans encoding” and “Generation of new plans”. 
During “Profile creation and evaluation”, a doctor conducts an initial diagnostic with the subject child. Then, the 
speech and language therapist performs an evaluation in the areas of linguistic formulation (phonation and breathing 
condition), oral structure and function (tongue, teeth's condition, palate, lips and maxillary mobility), hearing (reflex, 
the capability to locate sound sources and voice response) and the receptive language and expressive language, as is 
depicted in the Fig. 3. With this evaluation, the therapist carefully prepares a plan for each area borrowing tasks and 
exercises from a repository.  
 
Fig. 1. The five assessed areas, and the main guidelines of each area. 
In the second stage, “Corpus creation and plans encoding”, is created a corpus where the results of the five areas 
evaluated are encoded using binary values. This encoding allows generating a compact features vector of 102 dimen-
sions that can be used in the next stages. These dimensions represent the results of tests for each area. Figure 2 
shows an example of the binary encoding of the evaluation of voice quality (which is the 11th parameter of the lin-
guistic formulation area for us).  
 
 
Fig. 2. Example of coding employed with voice quality. 
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After corpus creation, K multi-level clusters are generated through the application of Eqs. (1) and (2). Multi-level 
clusters allow us to perform an efficient creation of a therapy plan, according to three abstraction levels: in the first 
level, the system selects the most similar case according to child's profile (disorder and medical profile); the lan-
guage area is selected in the second level; and finally, in the third level, the best approximation is selected as per a 
specific analysis on affected skills.  








A ,1,d   (1) 













A ,,1,d    (2) 
Where: 
 
x Parameter K is given by the types of speech and language disorders in the child’s medical profile (dyspha-
sia, dysarthria, delay in receptive and expressive language, severe delay in receptive and expressive lan-
guage and dysphemia).  
x Parameter K-S is used to determine the number of “levels” or “subclusters” inside the main clusters. This is 
estimated using the results of evaluation conducted by speech and language therapists in each area. 
x d(M,NC) is the distance between the medoid of each main cluster (M) and new case (NC). Subindex A 
specifies one of the five speech and language areas; superindex K specifies the number of cluster according 
to disorder and child’s profile; and m represents the number of features of medical evaluation to consider 
(feature ai  for the medoid and feature bi for the new case). 
x d(SM,NC) is the distance between the sub-medoid of each sub-cluster (SM) and new case (NC). Subindex 
A specifies one of the five speech and language areas; superindex K-S specifies the sub-cluster according to 
evaluation results, n goes over the 102 dimensions of the areas (dimension cj for the sub-medoid and di-
mension dj for the new case) and r represents the total of attributes of the child’s profile (feature ol for the 
sub-medoid and feature pl for the new case). 
x sim is the mean-Manhattan binary similarity measure [9]. 
x d|2| is the Euclidean distance used for elements of child’s profile, like cognitive age or gap in language ac-
quisition (features ol  and pl). 
 
In the third stage “Generation of new plans”, a new therapy plan is automatically generated, given a child’s pro-
file and evaluation. To this aim, the system selects the most similar medoid (according to disorder and medical pro-
file) among the representatives of the main clusters, and then seeks the best approximation in the subclusters to iden-
tify the most similar case according to personal skills and impairments. 
 
4. Preliminary results 
To analyze the accuracy of the proposed approach, a pilot experiment was conducted in three institutions of spe-
cial education (Cuenca-Ecuador): Instituto de Paralisis Cerebral del Azuay (IPCA), “Fundacion General Davalos” 
and CEDEI School.  In this experiment a personalised evaluation was performed on 53 children in the five areas 
using the approach described in the preceding section. In the same way, to acquire the evaluation results has provid-
ed to therapists an on-line system consisting on the tests used by expert system. This team of speech and language 
therapists has created 40 therapy plans to train the system in the different areas (a total of 200 elementary plans). 
After that, the remaining 13 cases (65 sub-cases) were presented to the system, which would generate a therapy plan 
for each. Therapists evaluated the outputs by giving each plan a rating of 1 if it was convenient and 0 otherwise, 
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considering consistency, accurateness and completeness. The detailed results are included in Table 1, which reveals 
that the system attained very good precision (0.9), with perfect ratings in three of the areas. 
Table 1. Accuracy in the generation of therapy plans. 
Speech and Language Area Plans correctly generated Precision 
Hearing 13 1 
Linguistic formulation 13 1 
Oral structure and function 13 1 
Receptive language 11 0.84 
Expressive language 9 0.7 
 Average 0.9 
 
In the Fig. 3 is shown an example plan generated by the system. As we can see, the plan consists of several fields 
and exercises to improve the affected skills in children, according to each of the five areas before mentioned. These 
plans serve to advice the therapist in the kind of exercises to work, the most affected skills, and give a general point 
of view of the specific delay in each particular area of speech and language.  
 
 
Fig. 3. An example plan generated by the system. 
5. Conclusions and future work 
The approaches mentioned in Section 2 provide an important support for the treatment of particular disorders, 
nevertheless, it is fundamental to have an integrated environment capable to deal with the most common disorders, 
from basic activities (swallowing) to complex activities of language (comprehension). To the best of our knowledge, 
these approaches, so far are focused in the areas of diagnostic, intervention (therapy) or computer's aided support, 
and only address some disorders of specific areas like articulation, language or hearing. 
Moreover, in this paper has presented an approach to drive the generation of personalised therapy plans focused 
on the individual profiles of people with speech and language disorders, borrowing elements from a repository of 
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elementary plans provided by a team of experts. The proposal has attained promising results, since the generated 
therapy plans were deemed consistent, accurate and complete by the experts. Only the areas of receptive and expres-
sive language seem to demand a refined or alternative approach, for which we are considering the possibility of 
modifying their distance measures and combining them through weighted features.  
 
As future work in the generation of personalised therapy plans, we are starting to develop adaptation mechanisms 
to automatically extend the repository of elementary plans, in order to provide non-repetitive exercises for long-term 
treatments. This can be done, for example, by automatically retrieving from the Internet pieces of text, audio or vid-
eo with traits similar to those of a given seed (e.g. with a noticeable presence of certain phonemes), by substituting 
words or rephrasing sentences to manage different richness of vocabulary, different grammar complexities, etc. 
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